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Abstract 

Highly porous zircoma (ZrG 2 ) bone scaffolds, fabricated by a replication technique using polymeric sponge, were coated with 
hydroxyapatite (MA). To prevent the chemical reactions between ZtQ 2 and HA, an intermediate fiuorapatite (FA) layer was 
introduced. The strength of the porous Zr0 3 was higher than that of pure H A by a factor or 7, suggesting the feasibility of ZrQ? 
porous scaffolds as Load-bearing part applications. The coated HA /FA layer, with a thickness of about 30 um was firmly adhered to 
the Zrds.body with a bonding strength of 22 M Pa. The o$teohlast4ike cells were attached and spread well on the coating layer 
throughout the porous scatYoids, The alkaline phosphatase activity of the proliferated cells on the HA.- FA coated ZrG. 2 was 
comparable to that on pure HA and higher than that on pure ZrCb. 
c; 2003 Elsevier Science Ltd. All rights reserved. 
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I, Introduction 

Human bones are composed of highly interconnected 
inorganic hard tissues (calcium phosphates) and organic 
soft components (collagen fibers). In cortical bone, 
cylindrical channels of osteons are held together by the 
framework, whilst in cancellous bone, the framework is 
highly open-spaced Many attempts have been made 
to mimic the interconnected framework structure of 
bone in terms of structural and biological character- 
is tics. Tri those studies, it was found that a minimum 
pore size of — 100 um was necessary for bone ingrowth 
into the channels {!]. As a porous bone graft material H 
hydroxyapatite [HA; Ca m (P04fc(OB):>] ceramics have 
attracted a great deal of attention due to their excellent 
biocompatibility and bioafftnity [3 7]. However, there 
are critical limitations in applying the HA to real 
systems because of its poor mechanical properties, such 
as strength and fracture toughness jS]. Consequently, 
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the use of porous HA has been restricted to the powders, 
granules, and non-load bearing small parts. 

On the other hand, zi reonia (Zr0 2 ) and its composites 
possess excellent mechanical properties. Several re- 
searchers have successfully fabricated porous Zr0 2 
bodies for biomedical applications [9 JOj. However, 
ZrO? did not bond directly to bone nor conduct bone 
ingrowth info the pore channel fill; Consequently, 
biocompatible materials need to be coated onto the 
surface or be incorporated as second phases [12,13]. In 
this context, a porous ZrO :i body was chosen as a 
framework for ioad-bearing and the HA was used as an 
outer coating layer to enhance the biocompatibihty and 
osteoconductivity. The HA coatings on bioincrt materi- 
als were reported to have advantages ] n surgical 
applications due to the rapid fixation and bonding to 
bones as well as uniform ingrowth at the interface 
[14 J 5]. However, there is a serious problem in 
incorporating the ZrG 2 body with H A coating; reactions 
between the ZrCb and ifte HA, Those reactions not only 
reduce the mechanical properties but also degrade the 
biocompatibiHty of the materiai |I 6J ~j. Therefore, to 
fabricate a ZrO^ body coated with HA, it is necessary to 
suppress the reaction between HA and ZrO 2, 
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Previously, it was observed that different from HA 
nuorapatite [FA, Caio(P0 4 ) 6 F>] is clietnicaliy inert with 
respect to Zr0 2 even at elevated temperatures]! 6, ]7]< 
Therefore, It is possible to form a stable HA coating 
layer on the ZKK scaffold if FA is introduced as an 
intermediate layer between the ZrOh and the HA, In this 
study, we fabricated porous ZrG 2 bodies by a sponge 
replication technique and coated the body with FA and 
subsequently with HA by the powder slurry method. 
The coated hiomaterial was characterized in terms of 
composition, mechanical properties, morphological 
evolution, and the in vitro cellular responses. 



2. Materials and methods 

2. L Fabrication of porous scaffold 

As a starting material for the porous body, commer- 
cial ZrQ 2 powder (3 mol% Y 2 0 ? , Cerac Inc., Wt USA) 
was used to prepare a slurry mixture. The powder of 
lOOg was stirred vigorously in 1 50 m! distilled water 
dispersed with a triethyl phosphate (TEP; (CaHs^PO^ 
Aidrich, USA) of 6g for 24 h. As a binder, poly 
vmyibutyl (PVB, Aldrieh, USA) of 6 g was dissolved in 
another beaker, which was subsequently added to the 
slurry and stirred for an additional 24 h, 

A poiyurethane foam template (45ppi, Customs 
Foam Systems Ltd. Canada) was cut to the appropriate 
dimensions for fabricating porous scaffolds. The pre- 
pared sponge was immersed in the slurry and subse- 
quently blown with an air gun to disperse the slurry 
uniformly throughout the porous scaffolds without 
blocking the pores. The sponge was then dried at 80 C 
for iOrnin. These dipping-and-drying steps were re- 
peated 4 times. The sponge was then oven dried at 80 C 
for 12 h. The obtained body was heat treated to burn out 
the sponge and binder at 800 C for 5 h at a heating rate 
of 2 Cmin, and at 1400 C to solidify and finally to 
obtain a dense ZrO^ porous scaffold. 

By repeating the above replication process (2 5 
times), k was possible to reduce the porosity of the 
structure. For the purpose of comparison, a H A porous 
body was fabricated also from the HA slurry mixture 
Using the same procedure as for ZrD 2 with the only 
difference being the heating cycle; the final heat 
treatment was done at 1250 C for 3 h instead. 

2.2. HAIFA coating on porous body 

Commercially available HA (Alfa Aesar Co., USA) 
and in-house fabricated FA powder were used as 
starting slurries for the coating process [171. Each 
powders of 15g were mixed with TEP and PVB in 
50ml ethanoL and stirred tor 24 h to prepare the HA 
and the FA slurry. The fabricated Zr0 2 porous body 



was Immersed in the FA slurry and dried at KG C for. 3 h. 
This was followed by heat treatment at 800 C for 5 h for 
binder burnout and at 12d0 C for an additional I h to 
prepare the FA coating. The process was repeated twice 
to obtain a uniform FA layer. The FA. -coated body was. 
immersed in the HA slurry, dried and heat-treated 
following the same procedures. By this repeated process, 
a HA. 'FA double-layer coated Zi<) 2 porous body was 
obtained. For a comparison, HA was coated directly 
onto the 2x02 body without the FA layer. 

2. 3, Characterisation and test 

The porosity of the bodies was calculated by 
measuring their dimensions and weights. For a com- 
pressive strength test, porous specimens with dimensions 
of 5 x 5 x 10 mm were axial ly loaded at a crosshead 
speed of 0,05 mm/ m in. Both edges were impregnated 
with paraffin to eliminate the edge fracture. The phase 
and the morphology of the coated bodies were analyzed 
using X-ray diffraction (XRD) and scanning electron 
microscopy (SEM), respectively* The adhesion strength 
of the coating layer was tested with an adhesion testing 
apparatus (Sebastian V, Quad Group, Spokane. \VA, 
USA), A stud pre-coated by the manufacturer using an 
epoxy of a proprietary composition was adhered to the 
coating layer by curing the epoxy at 150 : C for 1 h. The 
stud with diameter of 1.69 mm was pulled with a loading 
rate of ~ 2mm/min. until the coating layer failed, and 
the bond strength was calculated from the maximum 
load recorded. 

2. 4. In vitro cellular assay 

The human osteosarcoma (HQS) cell line was used 
after being cultured in flasks containing Dulhecco's 
modified Eagle's medium (DM EM, Life Technologies 
Inc. , MD,- USA) supplemented with 10% fetal bovine 
serum (FBS, Life Technologies Inc., MD. USA). The 
ceils were then plated at a density of 1 x 10 4 celis/ml on a 
24- well plate containing the fabricated porous specimens 
(HA/FA coated ZfO^ HA, and Zr0 2 ) and cultured for 
5 and 21 d in an incubator humidified with 5%. C0 2 / 
95% air at 3'TC\ After culturing for 5 days, the 
morphology of the proliferated cells was observed with 
SEM after fixation with glutaraldehyde (2 dehy- 
dration with graded ethanol (70%, 90%, and 100%), 
and critical point drying. 

For an assessment of the alkaline phosphatase ( ALP) 
activity, the cells were cultured for 21 d. After decanting 
the culture media, the cell layers were washed once with 
Hank's balanced salt solution (BBSS), followed by a 
detachment with Trypsm-BDTA solution for IOrnin. 
After centrifugation at 1200 rpm for Trnin, the cell 
pellets were washed once With PBS and resuspended by 
vortexing in 200 ul of 0.1% Triton X-1G0. The pellets 



I LAV. Kim ei at / Bi»matmah24 (2003) 3277 mi 



327*) 



were disrupted further by 7 freezing; thawing cycles. 
After exmtrifugation at i 3,000 rpm hi a microcentrifuge 
for 15 ruin at 4 : G, the cell iysates were assayed color- 
imetricaliy for their ALP activity using p-nitrophenyl 
phosphate as a substrate at a pH 10.3 (Sigma Kit, as 
described fully in procedure no. 1 04). Each reaction was 
initiated with /j^nitrophenyl phosphate, and allowed to 
react for 60 mm at 37"'C, which was then quenched on 
ice. The /?-nstrophenof produced was measured at 
410 nm using spectrophotometer. 



3. Results 

3.1. Zr O? porous scaffolds 

Typical structures of the as-fabricated ZrQ 2 porous 
scaffolds with various porosities are shown in Figs, I 
(A) iC). By repeating the replication process, it was 
possible to obtain porous bodies with different degrees 
of porosity (92 -74%). After a single replication, a 
highly uniform porous structure with the porosity of 
92% was obtained (Fig. 1(A)). Spherical macropores 
with a dkmeter of -600um and the stems with 
diameters of 100 200 urn formed a perfectly intercon- 
nected pore structure. The shape of the pores and 
stems maintamed the initial polyurcthane structure 
without blocking the pores or destroying the frame- 
work. By repeating the replication process three times, 
the stems became thicker and the porosity decreased to 
83%, Even though the initial shape of the framework 
was slightly altered, there was little blocking of pores 
(Fig. I(B}}> Further replications decreased the porosity 
steadily until the pores were partly blocked as shown 
in Fig H.GjL However, the body still retained a highly 
interconnected pore structure with a dense Zr0 2 frame- 
work. 

f ig. 2 shows the porosity change of the ZrG 2 scaffolds 
as a function of the replication cycle. The porosity 
decreased steadily with increasing the replication cj'de. 
An approximately 4 5% reduction in porosity was 
observed with each cyeie. After repeating the procedure 
for 5 times, a porosity of 74% was obtained. Based on 
these results, the porosity was controlled by changing 
only the n umhe r of rep iication cycles . 

To investigate the mechanical properties of the 
fabricated ZrO* scaffold, the compressive strength was 
measured and compared with that of pure H A body, as 
shown in T ig. X The strength of Zr0 2 was markedly 
higher than that of pure BA: with equivalent porosities, 
the strength of ZrC> 2 was about 7 times higher than that 
of pure H A. The strength of the ZrQ 2 ranged from L6 
to 35MPa when the porosity was between 92% and 
74%, while that of HA was in the range of 0.3 - 5 MPa 
with equivalent porosities. 




3.2. Phase and morphology of HAIFA coating layer 

The Zr0 2 body with the porosity of 92% was coated 
with HA layer. To prevent chemical reactions between 
the HA and Zr0 2 , the FA layer was coated on the ZrG 2 
surface prior to the HA coating. The effect of the FA 
intermediate layer on the stability of HA as well as Zr0 2 
is well illustrated by the XRD patterns shown in Fig. 4. 
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Fig. 2. Porosity of ZrO- 
replication cycles. 
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Fig. 4, XRD patterns of ZrO r coated with HA; (A) without the 
intermediate layer and (&) with FA intermediate . layer:. -t-Oj HA. (G) 
ZrQ 2 , (•) /J-TCP, ( IB) a-TCP, and (*} CaZrO,. 
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P ig y . Compressive strengths of porous ZrO* and HA as a function of 
the porosity. 



Without the FA layer, considerable amount of a-ahd f- 
TCP as well as CaZrO^ were formed after heat 
treatment at 1250 C as shown in Fig. 4(A). Naturally, 
the HA peaks were very weak, confirming the reaction 
between HA and ZrDj il6J'% On the other hand, when 
the FA was pre-coated 4 no such reaction products were 
detected as shown m Fig. 4(B). These results clearly 
illustrate the effect of the FA layer on suppressing the 
reactions between HA and ZrQ 2 . 

The SEM morphologies of HA: FA coaling layer on 
ZrOi are shown in Figs. 5. The Zr0 2 framework was 
uniformly coated with HA/FA as shown in Fig, 5(A). A 
cross section also .shows a uniform coating layer with 
thickness of -30 um (i-tg, 5(B)), At higher magnifica- 



tion, the II A layer was distinguishable from the FA 
layer as shown in Fig. 5(C). The thicknesses of the FA 
and HA layers are ~* 5 and — 20 pm, respectively. There 
were no del ami nation or cracks at both interfaces of 
HA /FA and FA/ZrO*, indicating relatively tight bond- 
ings among the layers- The bond strength was in the 
range of 20 30 M Pa without much variation depending 
on the heat treatment tern perature. The detached surface 
was observed with SEM after the strength test. The 
failure occurred mainly at the FA/ZrCK interface as 
shown in Fig. (x However, fragments of the coating 
layer still remained on the surface (arrows ), which Was 
confirmed by EDS analyses. 

J.J. Cellular responses 

For an assessment of the cellular response to the HA. 
FA coated Zr0 2 scaffolds, the osteohlast-like HOS cells 
were seeded on the fabricated materials. Figs 7 show the 
cell growth morphologies on the HA FA coated Zr0 2 
after culturing for 5 days. The cells spread well and 
migrated deep into the large pores, suggesting the 
osteoeonduetmg characteristics of the porous scaffolds 
(Fig. 7(A)), The cells were uniformiy proliferated 
throughout the porous structure. At higher magnifica- 
tion, it is clearly observed that the cell membranes 
spread well with an intimate contact with the coated 
surface,, as shown in Fig. 7( B), 

The differentiation characteristics of the cells were 
evaluated by the ALP expression level after culturing for 
•21 days, as shown in Fig 8, Pure HA with the same 
structure and ZxQz without, coating, were also tested for 
the purpose of comparison. The ALP activities of the 
HQS cells on all porous materials showed higher ALP 
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Fig. 5^ Morphologies of HA 'FA layer on the ZrO> substrate; (A) 
plane view (8) cross sectional view and (C) cross sectional view with 
high magnification.. 



expression level compared to the ceil culture dish, In 
particular;. "the HA/FA coated ZrO^ sample exhibited a 
similar ALP expression level with respect to the pure 
HA body. As expected, the differentiation on the Zr0 2 
without coating was lower than that on the coated 
sample. 




Fig. 6, SBM micrograph on the detached area of the coating layer. 
Arrows indicate the remanent of the coating la>er. 




Fig, 7. SEM micrographs of the proliferated HOS cells on the HA ; FA 
coated ZrO.-> porous body after culturing for 5 days; (A) at low and (B) 
ai high magnification. 
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I?ig. 8. Alkaline phovphal,ise selivil> of HQS cells or HA FA coaled 
ZrCH porous scaffold after culturi nig for 21 days: pure HA and 2rQ 2 
with same porosity were tested for the purpose of comparison. Plastic 
cell culture dish Was used as a control- 



4. Discussion 

This study was undertaken to fabricate a bone 
scaffold with high mechanical strength and excellent 
hiocompatibility. The porous HA has attracted much 
attention as bone substitutes because of its ability to 
lead osteoeonduction. However, one of the main draw- 
backs for real applications is its poor mechanical 
property, To overcome this problem, coating of HA 
onto Zr<) 2 porous body was derived. 

Among many fabrication methods, the reticulated 
foam approach was adopted in this study, where the 
polyurethane template was replicated with ceramic 
slurries. This was found to be quite effective in obtaining 
highly porous structures, it is possible to. change the 
porosity widely (92 74%) by just repeating the replica- 
tion process, The porous structures obtained in this 
study, with a large pore size (-600 urn) and high 
porosities, are expected to be sufficient to permit tissue 
ingrowth and anchor the prosthesis io the surrounding 
bone as well as to supply blood and nutrients to the 
bone-like, vascular canals. At a relatively high porosity, 
the initial polyurethane foam structure was exactly 
replicated with perfectly interconnected open pores. 
However, when the porosity approached to 70% » the 
pores were partly blocked as a result of thicker stems. 

The obtained Zr0 2 scaffolds with various porosities 
exhibited an excellent compressive st rength; L.6 35 MPa 
when the porosities were between 92% and 74%. The 
values were superior to those of HA by a factor of 7. 
When considering the compressive strength of cancel- 



lous bone (2 12 M Pa), the vales obtained in the Zr0 2 
porous scaffolds can possibly be used as load-bearing 
parts [18.19}. 

The porous ZiC> 2 body was coated with HA by the 
slurry method in order to render the biocompatihility- 
During the coating process, special precautions were 
needed to suppress the reaction between HA and Zr0 2 . 
Previous studies showed that the direct contact of HA 
with ZrQ 2 at elevated temperatures f * 1 150 : C) caused 
serious decomposition reactions ! 3 : ft J 7\. indeed, the HA 
coaled on the Zr0 2 degraded into />-- or a-TCP (see 
Fig. 4(A)) with a reaction byproduct of CaZrO^ 
according to Eqs, (I) and (2). 

Ca, Q iP04) 6 (OH) 2 + ZrG 2 /?.C : a.,(P0 4 .)a. +■ CuZrO^ { l ) 

£-Ca*(P0 4 ) 2 . - a-Ca<(P0 4 ) 2 . {2} 

The formation of TCP (fi- or a - ) at the interface of 
HA and ZrD 2 may cause serious problems because it is 
dissolved much faster than HA in a body fluid [20 [. This 
result in a disintegration of the coating layer from the 
ZrGv substrate. The FA is known to have a superior 
chcmieal and thermal stability to HA [16. 17]; Hence, in 
this study, FA was introduced as an intermediate layer 
between the HA and Zr0 2 . As expected, there were no 
chemical reactions among the materials when the FA 
layer was introduced (see Fig. 4(8 IK 

The bonding between the HA and the FA in the HA 
FA double layer appeared to be very high as observed 
by the SEM micrographs* This was attributed to the 
Similarity in the chemical composition, crystallographic 
structure, and the sintering behaviors between the HA 
and the FA. However, the structure of the coating layer 
was rather porous with pore sizes of t~2 jtrri. The micro- 
porous structure of the coating layer is known to induce 
an improved adhesion of the bone with implants 
through mechanical interlocking and consequently to 
promote osteointegration [21 L Moreover, the micro- 
porous structure has an advantage for the circulation of 
a physiological fluid through the coating and can 
therefore enhance the ingrowth of bone into the coating 
layer 122). The intrinsic mechanical properties of the 
coating layer, such as the toughness and hardness, are 
expected to be somewhat down regulated due to the 
micro-porous structure. A suggestion might be raised to 
remove the micro-pores by introducing a sol-gel 
technique at a final coating step, investigations into a 
sol gel derived HA coating to fabricate a relatively 
dense layer is currently underway. 

The mechanical property of the H A FA double-layer 
on the ZrG 2 was evaluated by the adhesion strength test. 
In a coating system, bonding strength of the coating 
layer to the substrate is one of the most crucial 
parameters that determines the stability and longevity 
of the system. A poor bonding may result in a loss of 
fixation from the host tissues at the interface. The value 
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obtained in the HA :FA coated ZrG 2 was -22 MPa, 
which was comparable to or slightly higher than 
reported values f.23^4].. However, it is difficult to 
compare the strength values directly because of the 
differences in the coating thickness. The relatively high 
bonding strength was attributed to the relief of thermal 
mismatch between the H A/ FA and ZrO? (due to porous 
structure of the coating layer) and also to the chemical 
inertness of FA with respect to Zr0 2 substrate. The 
coating layer always failed at the coating-substrate 
interlace (Fig. 6), indicating a lower bonding capability 
between the FA and the ZrO- compared to the coating 
layer itself or the bonding between the HA and the FA. 

To assess the cellular response, osteobiast-iike cells 
(HQS) were cultured on the HA/ FA coated ZxQ& The 
cejfs adhered well to the material as confirmed by 
their spreading and growing morphologies (Fig. 7). 
Moreover, the migration and growth of the cells deep 
into the porous structure suggest the possibility of bone 
ingrowth into the porous structure. The cells differ- 
entiated further as evidenced by the alkaline phospha- 
tase (ALP) activity of the HOS ceils on the fabricated 
materials. The ALP activity has long been recognized as 
a marker for the functionality and activity of the 
osteoblast cells undergoing the differentiation step 
i'25,263- The higher ALP expression levels in the HA/ 
FA coated ZrO* when compared to pure ZrG 2 showed 
that the cells were differentiating to a high degree. Along 
with the ALP test, other in vitro experiments are 
essential for deeper understanding of the activity and 
functionality of cells responding to the HA/FA coated 
Zr0 2 porous scaffolds. 

At this point, a question might be raised on the 
chemical and mechanical stability of Zr0 2 porous 
scaffolds since the tetragonal ZrOvis known to undergo 
transformation to monoclone phase at relatively low 
temperatures, leading to a severe degradation in 
mechanical properties. This process is generally called 
as low-temperature degradation or simply aging of 
ZrQ> However, the aging of Zr0 2 occurs actively only 
in the temperature range of 20ft 400" C and in the 
presence of water vapor [37.281, In practice, many 
researches on the degradation af yttria stabilized 7s0 2 
reported no significant changes in chemical composition 
and/or reduction in mechanical properties under phy- 
siological environments (within bone marrow, subcutis, 
Ringer's solution, and HC1 solution at 3? C) !. 29,30]. 
Moreover; in vivo tests on yttria stabilized ZrQ 2 
reported no adverse response of the ZrOs implant 
driven by a mechanical degradation. Based on those 
reports, the tetragonal Zr0 2 fabricated in this study 
seems to retain chemical stability and mechanical 
strength in a biological condition [31,32]. Nevertheless, 
in vivo animal tests remain as further study for complete 
understanding of the hi ©compatibility of the HA FA 
coated Zr0 2 porous scaffolds. 



5< Conclusions 

Strong Zr0 2 porous bodies were successfully coated 
with biocompatible HA by inserting an inert FA 
intermediate layer. The Zr0 2 scaffolds with porosities 
ranging from 92% to 74% were obtained by repeating 
the replication cycles. These scaffolds exhibited superior 
compressive strengths compared to pure HA bodies with 
equivalent porosities by a factor of 7, The FA layer 
prevented the reaction between HA and Zr.CK and 
suppressed the decomposition of HA /The obtained HA 
FA coating layer with a thickness of - 30 urn was 
microporous and tightly bonded to the substrate 
(bonding strength ^ 22 MPa), In vitro cell tests showed 
good attachment and spreading of the HQS cells on the 
coating iayer throughout the porous scaffolds. The 
proliferated, cells on the HA. FA coated ZrG^ scaffold 
represented a similar ALP expression level with respect 
to the pure HA and a higher level compared to the 
plastic culture dish and pure Zr0 2 . 
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SCHMEISER, OLSEN & WATTS LLP 
Attn. Albert L. Schmeiser, Esq. 
18 E, University Dr., Ste. 101 
Mesa, AZ 85201 
USA 

Re; US, Patent Application No. 10/723,401 

Entitled; Porous Biocersmics for Bone-Scaffold and Method for 
Manufacturing the Same 
Your Ref Nov; S£CJM0159 
Our Ref. No.: Pateht-03-G6US 

Dear Mr Sehmeiser: 

We have received with thanks your report as of August 18, 2006 for the office action 
from the United Stales Patent and Trademark Office, 

The cited article "Porous 2r02 bone scaffold coated with hydroxyapatite with 
fiuorapatite intermediate layer" was published on August 19, 2003 which was before the 
U.S. filing date of this application, however the authors Messrs, Hae-Won Kim and 
Hyoun-Ee Kim are also the original applicants and inventors of this application. The 
other authors of the cited article, namely Seung-Yong Lee, Chang-Jun Bae„ Yooiv-Jung 
Nob, Hynn-Man Kim and lea Seung Ko were just assistants for the inventions of this 
application, not inventors. 

For your reference, a patent application with the same inventions was tiled in Korea on 
December I v 2003 within the Korean grace period (six months) from 'the publication 
date of the cited article and was granted and registered as a patent in Korea. 

Since the inventions of this U.S. patent application and the cited article were actually 
made by the Messrs. Hae-Won Kim and Hyoun-Ee Kim and the other authors just 
assisted them for experiments, we consider that the inventions of this application shall 
be deemed to be invented before the publication date of the cited article 
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States Patent and Trademark Office. 

The cited article "Porous Zr02 bone scaffold coated with hydroxyapatite with fluorapatite intermediate 
layer" was published on August 19, 2003 which was before the U.S. filing date of this application, 
however the authors Messrs. Hae-Won Kim and Hyoun-Ee Kim are also the original applicants and 
inventors of this application. The other authors of the cited article, namely Seung-Yong Lee, Chang-Jun 
Bae, Yoon-Jung Noh, Hyun-Man Kim and Jea Seung Ko were just assistants for the inventions of this 
application, not inventors, 

For your reference, a patent application with the same inventions was filed in Korea on December 1, 
2003 within the Korean grace period (six months) from the publication date of the cited article and was 
granted and registered as a patent in Korea. 

Since the inventions of this U.S. patent application and the cited article were actually made by the 
Messrs. Hae-Won Kim and Hyoun-Ee Kim and the other authors just assisted them for experiments, we 
consider that the inventions of this application shall be deemed to be invented before the publication 
date of the cited article 
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and that this application shall not be rejected based on the cited article, We think that the inventors and 
the other authors may make and submit an affidavit or declaration for the fact. 

Therefore, please advise us of what we shall do for the grant of this application. If you need the 
declaration made by the inventors or the other authors, please provide us with its form or recommended 
text for the declaration. 

If you need further information for this situation, please let us know. 
Very truly yours, 



Dr. Hyun Kim and Young-Dong Kim 
Sechang Law Offices 



9/5/2006 



